Abstract
Nest building in laboratory mice

90
The construction of nests is common in rodent species. Wild house mice build nests to 91 provide heat conservation, shelter from elements, predators, and competitors and to allow 92 successful reproduction (Deacon, 2006b; Hess et al., 2008; Latham and Mason, 2004) . Nest 93 building increases lifetime reproductive success and is an essential thermoregulatory adaption 94 (Berry, 1970; Bult and Lynch, 1997) . 95
The motivation and ability to perform the behavioral sequence culminating in a finished nest 96 persists also in domesticated mice and in laboratory animal facilities (Estep et al., 1975) . 97
Aside from "brood" or maternal nests, built specifically for reproduction, laboratory mice of 98 both sexes provided with suitable nest building materials build "sleeping" or non-maternal 99 nests of comparable size (Lisk et al., 1969; Sherwin, 1997 ). The literature discussing maternal 100 nest building behavior in rodents is extensive but will not be reviewed here. In the laboratory 101 setting, non-maternal nests might allow the mouse to shield itself from conspecifics, as well 102
as from humans and external stimuli such as direct light (Clough, 1982) . Also, as most 103 standard animal facilities have ambient temperatures beneath their thermoneutral temperature, 104 laboratory mice build nests for thermoregulatory reasons (Gaskill et al., 2012) as nest material 105 reduces heat loss and associated food consumption (Gaskill et al., 2013) . The motivation for 106 nest building is high, and nest building material is highly valued by laboratory mice (Roper, 107 1973;Van De Weerd et al., 1998) see, for example, (Olsson and Dahlborn, 2002 ) for a review. 108
Additionally, it could be shown that providing nest material can result for example in the 109 reduction of corticosterone production (Gurfein et al., 2012) . 110
Nest building in mice is, to some extent, genetically determined and therefore strain 111 differences in performance may occur (Bult and Lynch, 1997; Gaskill et al., 2012, 112 2013; Lynch, 1980; Van Oortmerssen, 1970) . Nevertheless, nest building is present among the 113 most widely used inbred and outbred laboratory strains; see (Sherwin, 1997) for literature 114 examples. It is a complex, goal-directed behavior consisting of different aligned actions like 115 pulling, carrying, fraying, push digging, digging, sorting and fluffing of nest material and 116 bedding (Gaskill et al., 2012) . 117 118
Assessment of nest building performance
119
Since maternal and non-maternal nest building performance has been used for decades as a 120 monitoring tool in several scientific fields, a wealth of different protocols to assess nest 121 building is available. Parameters to quantify focus either on the final goal towards which this 122 behavior is directed, i.e., the completed nest, or on the display of the behavior per se. mice to build at least moderately complex nests. Nest quality scoring has to be performed 132 with special caution as schemes dealing with complexity scores may be especially prone to 133 inter-as well as intra-rater variability. When provided with fresh nest material, the majority of 134 healthy, naïve mice of both sexes start to manipulate it within a few minutes to less than an 135 hour (Jirkof et al., 2013b; Sherwin, 1997) . Therefore the latency to use nest material (Jirkof et from the tube to be stored somewhere else (Deacon, 2006a) , or digging, which is normally 239 conducted with bedding (Deacon, 2006b ). Burrowing may be used in the marble burying test, 240 the defensive burrowing paradigm and the escape digging test, which can be used to assess 241 anxiety or withdrawal symptoms, respectively (Deacon, 2006b ;el-Kadi and Sharif, 1995). 242
The ability to display burrowing behavior persists under laboratory conditions (Adams and 243
Boice, 1981) and most commonly used mice strains burrow (see e.g., (Deacon, 2006c) ; 244 nevertheless, some strains are poor burrowers, e.g., CBA, 129 substrains (Deacon, 2006c) ; 245 author's personal observations). As burrowing behavior appears to be highly motivated 246 
